Background. Patient malnutrition is a significant problem in the process of rehabilitation and treatment. One of the tools that can reveal the risk of malnutrition is a series of standardized nutritional questionnaires.
Introduction
Kidney failure is an increasingly common disorder, affecting 11% of the world adult population. 1 It was estimated that in 2010 there were about 2 million patients worldwide in the end stage of this disease, i.e., being treated with renal replacement therapy. This number is expected to grow by as much as 7% per year. 2 It is estimated that there are 4 million patients with chronic kidney disease (CKD) in Poland, of whom 17,000 are being treated with renal replacement therapy. 3 For decades, it has been believed that the main cause of kidney disease was glomerulonephritis. However, the rapidly increasing number of cases has compelled the scientific community to re-examine the causes of kidney failure. Several studies have shown a strong correlation between the occurrence of metabolic disorders, such as diabetes and hypertension, and the development of kidney diseases or nephropathy. Knowing the main causes of kidney failure, it is hard not to notice that 2 of the 3 risk factors have a close relationship with the wider phenomenon known as the "diseases of civilization". A very important problem that often occurs and substantially affects the health of patients with CKD is malnutrition. [4] [5] [6] Extensive studies of patients with CKD in the Modification of Diet in Renal Disease (MDRD) project recorded weight loss in 21% of patients during the 14 months of observations. 7 Patients treated with long-term renal replacement therapy who have received a diagnosis of malnutrition are at a particularly increased risk of complications, and even death, during dialysis. 8 The problem of poor nutritional status of patients with CKD is even perceived as the main cause of poor clinical prognosis and mortality. [9] [10] [11] [12] Numerous studies assessing the nutritional status of patients with CKD, using methods such as anthropometric assessments and biochemical evaluation, have shown a positive correlation with mortality. 4, 5, 13, 14 The causes of protein-energy malnutrition (PEM) are complex, resulting both from kidney diseases and concomitant diseases. The patients suffer from a general catabolic state, uremia, hormonal imbalance, lipid disorders, general disorders of the metabolism, and increased activity of pro-inflammatory cytokines. The problem of impaired sense of taste and suppression of appetite in patients with CKD is also not without significance and may also be psychological in nature, e.g., cause stress or depression. 5, 15, 16 The dialysis mechanism itself, in which blood is filtered through a dialyzer, is a heavy burden that could also contribute to malnutrition. The dialysis initiates protein catabolism, impairing the protein synthesis. 17, 18 The key inducers of malnutrition are 2 factors: metabolic acidosis (MA) and the insufficient supply of nutrients. Unfortunately, MA is an inherent complication of kidney disease and its extent is dependent on the severity of renal failure. 16 Metabolic acidosis leads to a state of malnutrition, initiating the breakdown of proteins and the oxidation of amino acids, loss of muscle mass, inflammation, and increased mortality. 5, 19 Studies have shown that MA leads to a negative nitrogen balance, also reducing the level of albumins. 20, 21 A very important factor that may influence the nutritional status are the dietary restrictions undertaken by the patients. In the course of the diagnosis of kidney disease, as well as diseases that initiate it (diabetes, high blood pressure), patients are shown dietary recommendations that can positively affect the disease process. Patients with CKD are recommended to control the supply of protein and phosphorus. It has been shown that reduced protein intake can prolong the time taken for the disease to evolve into full kidney failure. In addition, a reduced supply of proteins and phosphorus allows for a better control of MA and the electrolyte equilibrium. 10, 18, 22 Also, in the case of concomitant diseases, such as diabetes, hypertension and cardiovascular diseases, one strategy for supporting treatment is to modify the eating habits, in particular by strictly controlling the quality of energy substrates. Patients with end-stage renal disease (ESRD) no longer have to limit their protein intake (recommendations for healthy subjects); however, their restrictions include limiting the supply of phosphorus. 10 The supply of carbohydrates and fats should be sufficiently high, taking into account physical activity and comorbidities. 10 However, patients without ad hoc supervision by medical personnel or dieticians often cannot balance their diets sufficiently, which can in turn lead to an inadequate supply of nutrients and, eventually, PEM. 5, 7, 10, 11 A useful tool for the preliminary assessment of the nutritional status of patients is the use of standardized questionnaires evaluating nourishment levels. Such surveys are easy and quick to complete, do not require any special equipment, and can therefore be used by medical personnel and dieticians. 23 If the result is indicative of a "nutritional risk", more accurate (more expensive) methods of assessing nutritional status, e.g., anthropometric, biochemical or image-based assessments, namely, magnetic resonance imaging (MRI) and dual energy X-ray absorptiometry (DXA), can be employed.
In view of the very few reports on the use of minimal nutritional assessment (MNA) scale with stable hemodialysis outpatients, the aim o the study was to assess the nutritional status of patients with ESRD in a chronic hemodialysis therapy program. Secondary research aims were to assess the correlation of MNA scores with body mass index (BMI), the duration of dialysis therapy, and their relationship with the eating habits of ESRD patients, if any.
Materials and methods
The study group included patients over 60 years of age suffering from ESRD, recruited from the dialysis center of the Clinic of Nephrology and Transplantation Medicine at the Wroclaw Medical University and the International Dialysis Centre in Wrocław, Poland. of consent to complete the questionnaire (22 patients) and incorrectly filled questionnaire (9 patients).
Finally, a total of 47 patients remained to the end of the research project; their mean age was 69.68 ±8.95 years, 22 were female and 25 were male. Anthropometric measurements such as body mass and height were obtained, after which BMI values were calculated. Table 1 Men had a higher mean value of BMI, and a lower SD (4.11). Women showed lower BMI values, while the SD was higher (6.65). It can be concluded that the female group exhibited fewer problems with overweight, while at the same time their body mass was more variable.
All patients were informed about the purpose of the questionnaire and signed written informed consent to participate in the study. Inclusion criteria were: a diagnosed CKD, hemodialysis treatment for at least 6 months and age >60 years. Exclusion criteria were: kidney transplant and lack of consent to participate in research.
In order to evaluate the nutritional status of the patients, a standardized full version of MNA scale was used. The MNA scale is a simple nutrition screening and assessment tool, designed to determine the possibility of malnutrition. It was designed mainly for monitoring geriatric patients and, since the majority of CKD patients are chronically ill people over the age of 60 (mean age 69.68 years), the MNA scale was preferred as the most suitable option. An important feature of the MNA scale is that some of the questions are not related to anthropometric characteristics, which (according to present authors) may help in the case of patients with ESRD. These patients usually undergo hemodialysis for 4 h 3 times a week; just before the dialysis they are weighed to determine the increase in the volume of fluid since the last dialysis (the water to be removed during dialysis). With this in mind, the personnel of the dialysis center use the so-called "dry body-weight" -the weight of the body after dialysis with no adverse symptoms (cramps, hypotonia or dizzin ess). This clinically defined dry body-weight may, therefore, change depending on the body's state of catabolism/anabolism and has a close relationship with appetite.
The MNA scale is characterized by high sensitivity and specificity. 24, 25 Compared with BMI, it has a higher sensitivity for identifying the states of malnutrition. 26 A great advantage of MNA is its general availability and ease of use (quick diagnosis); therefore, it can be widely used in most healthcare facilities.
The results of the study were statistically analyzed using the STATISTICA v. 12 package (StatSoft, Tulsa, USA). Means and standard deviations (SDs) were determined as basic descriptive statistics. The normality of distributions was ascertained using the Shapiro-Wilk test. When examining differences in the distribution of variables between selected groups of men and women, Student's t-test for independent samples was used when the examined variable had a normal distribution. The exception was the comparison of test results, which did not meet the assumptions of a normal distribution. In this case the MannWhitney U test was used. Correlations were evaluated using Spearman's nonparametric rank-order correlation coefficient (p). The statistical significance was determined at a critical level of α = 0.05.
Results
In both outpatient dialysis centers, the initial inclusion criteria were met by 80 people. During the study, the group was reduced because of a transplant (2 patients), lack (Table 2) .
In men, a clear correlation was observed with the scores for all research questions (Table 3 ). In women, the correlation was demonstrated only with the scores for the questions about weight loss, food intake amount and subjective assessment of nutritional status; there was no correlation with the scores for the questions about serious health incidents or about the quality of the food intake (dietary restrictions if any).
"A good nutritional status" was achieved by 33 patients, representing 70.2% of the total group. A "risk of malnutrition" was found in 13 patients (27.66% of the total group). The "state of malnutrition" was found in 1 patient (2.13% of the total). Fig. 2 displays nutritional status of men and women with ESRD.
In the question concerning the reduction in body mass in the previous 3 months, 44% of male subjects and 45.45% of females reported a loss of 1-3 kg. This may be one of the factors explaining the lower MNA results in men, with no significant associations with the BMI (Table 4 ).
In the question about serious, stressogenic situations in the previous 3 months (question d), it was observed that as many as 20% of men reported such an event, while only 4.55% of women. This may also explain the low values of the final MNA score in men, even in the absence of significant correlations with the BMI (Table 5 ). Total %*** 2.1 2.1 44.7 51.0 * in relation to female/male group; ** female/male in relation to whole group; *** female and male in relation to whole group of patients. Total %*** 12.8 87.2 * in relation to female/male group; ** female/male in relation to whole group; *** female and male in relation to whole group of patients. Percentage distribution of scores for the question about daily intake of full meals are shown in Table 6 .
In the question regarding the number of full meals consumed, the maximum number of points was awarded for eating 3 full meals a day. As many as 40% of men and 31.82% of women reported consuming less than 3 full meals a day. Given the significant correlation of the final score with this question, this may provide an explanation for the lower MNA scores of patients with ESRD (Table 6 ).
In the question regarding the frequency of eating wholesome products, 60% of men and 45.45% of women scored the maximum. This means that 40% of men and 54.54% of women indicated a limitation in terms of providing the body with wholesome products, which could potentially indicate some dietary restrictions (Table 7 ).
In the question requesting self-assessment of nutritional status, 92% of men and 77.27% of women did not express any concern about their nutritional status. However, 8% of men and 18.18% of women were not able to give an assessment of their nutritional status, and 4.55% of women reported a state of malnutrition (Table 8) .
Discussion
The medical community, aware of the significance of nutritional status in patient prognosis, has Total % *** 2.1 34.0 63.8 * in relation to female/male group; ** female/male in relation to whole group; *** female and male in relation to whole group of patients. * in relation to female/male group; ** female/male in relation to whole group; *** female and male in relation to whole group of patients. Total % *** 2.1 12.8 85.1 * in relation to female/male group; ** female/male in relation to whole group; *** female and male in relation to whole group of patients.
demonstrated that malnutrition is associated with increased mortality. 5, 6, 9 This fact has even been taken into account in jurisdiction. As of November 8, 2012, an amendment was introduced by the Minister of Health, dated January 1, 2012, introducing an obligation to carry out nutritional status assessment NRS 2002 (Nutritional Risk Screening 2002) or the SGA (Subjective Global Assessment) in each hospital ward, the results of which must accompany the patient disease history. Unfortunately, no such obligation was introduced in outpatient care of clinically stable patients. From the point of view of monitoring patient rehabilitation, a nutritional status assessment should be long-term-oriented and repeated periodically.
Many researchers have tried to evaluate the nutritional status of patients with CKD using dietary questionnaires, anthropometric methods and other techniques. Among dietary questionnaires, the subjective global assessment (SGA) has often been used; its score indicates a positive correlation with the objectively assessed state of nutrition. [27] [28] [29] [30] However, the SGA questionnaire is complex to use, because it requires an extensive physical examination, specifying many anthropometric characteristics.
The MNA scale is used less frequently and takes into account fewer anthropometric factors; however, it has been shown to be just as sensitive in detecting signs of malnutrition as the SGA. 31, 32 The MNA scale is recommended in elderly patients, and it is precisely this group of subjects who represent the largest proportion of dialysis patients worldwide. The largest increase among all patients qualified for the dialysis treatment has been recorded in the 70+ age group. For example, in 2012 in Poland, 64% of all qualified persons were over 65 years of age.
In this study, all questions in the MNA scale were completed, even if the result in the 1 st part of the MNA did not indicate a risk of malnutrition. This allowed the examination of the influence of factors (questions j and k) related to potential dietary restrictions among patients with ESRD.
Segall et al., in their extensive research using various forms of assessment of nutritional status, showed a strong correlation between malnutrition and risk of mortality in hemodialysis patients (out of 149 patients, 11 patients who had obtained a low score in the SGA and for biochemical markers of malnutrition died in the follow-up period). 33 They also showed a strong correlation between the presence of diabetes and patient survival.
In this study, using the MNA to test nutritional status, there were 13 cases of malnutrition risk (6 women and 7 men) and 1 case of malnutrition. Significant correlations were demonstrated between the MNA score and body weight and the BMI, but only in women. In studies by other authors, such a correlation appeared in both sexes. 28 In the studies cited above, no correlation was observed between low BMI in men and an MNA score indicative of malnutrition or the risk thereof. This is not surprising, bearing in mind the phenomenon of reverse epidemiology in the population of dialysis patients, i.e., overweight/ obesity predicts lower mortality. 34 One explanation of this fact could be a negative correlation with the years of renal replacement therapy. On average, women in the examined group were treated with renal replacement therapy for a longer period of time (Table 2) , which, considering the changes taking place in the bodies of patients with ESRD, can result in a long-term reduction in body weight and BMI index. 5, 19 The examined group of men were treated for a shorter period of time with renal replacement therapy on average (Table 2) ; therefore, such significant changes in body weight had not yet taken place; however, the variables not associated with body weight (questions about consumed meals, weight loss and dietary restrictions) did have an impact on the negative MNA result.
A random factor should also be taken into account: the examined group of men was characterized by a higher mean BMI (29.61) and a lower SD of this ratio (4.11). In other words, it was more homogenous compared with the group of women. This could also be a cause of the obtained results.
The influence of the length of time in renal replacement therapy on the MNA result can also be observed in the relationship between the median duration of dialysis (6 years) for the entire study group and the score obtained on the MNA questionnaire. Patients who had been undergoing dialysis for less than 6 years had a mean MNA score of 26.04, classifying their nutritional status as good. For the group that had been undergoing dialysis more than 6 years, the mean MNA score was 23.15, classifying them at risk of malnutrition. Similarly, Koor et al. and Brzosko et al. found a correlation between the duration of dialysis therapy and the risk of malnutrition. 28, 35 The waist-to-hip ratio (WHR) ratio was not statistically significant in any of the groups.
In the abovementioned tests, the influence of factors related to events that may result in changes in body weight, as well as broader eating habits, were also analyzed. It has been shown that the outcome of MNA correlates with the score for the questions concerning weight loss and stressful events in the 3 months prior to the assessment.
According to the authors, the MNA scale shows sensitivity in terms of detecting changes in health, to which patients with ESRD are particularly vulnerable. Patients with ESRD are forced to follow certain dietary restrictions, including the supply of phosphorus. 10, 18, 22 The question on the number of full meals (question j in the MNA scale) and the type of food products regularly consumed (question k) may reflect the eating habits of respondents and may be particularly important for patients with ESRD. In our study, a significant correlation between the scores for these questions and the result of the MNA scale was found. This may indicate that patients with ESRD, by following dietary recommendations, can counter-intuitively expose themselves to the risk of malnutrition. Similarly, the score on the question requesting a subjective assessment of the nutritional status correlates with the MNA result, indicating that the patients may actually feel a change in their nourishment status, even when their body weight remains normal. It is the opinion of the authors of this study, based on the reports of other authors, that in such circumstances it is necessary to consult with qualified personnel and perform further assessment of the nutritional status using more sensitive methods. 33, 35 The authors concluded that regular screening tests using the MNA scale can be a useful tool in the course of treatment and rehabilitation of patients with ESRD. Patients with ESRD are regularly weighed before commencing hemodialysis, so the sensitivity of the MNA scale can help in the assessment of adverse changes that may lead to the risk of malnutrition, even when normal body weight is maintained. In the case of negative MNA results, the patient should be immediately referred for more detailed tests to assess their nutritional status.
